Local translation in neuronal processes is key to the alteration of synaptic strength that contributes 22
to long term potentiation and potentially learning and memory. Here, we present evidence that 23 astrocytes also have ribosomes in their peripheral and perisynaptic processes, that new protein 24 synthesis is detectable in the astrocyte periphery, and that this localized translation is both 25 sequence dependent and enriched for particular biological functions. Enriched transcripts include 26 key glial regulators of synaptic refinement suggesting that local production of these proteins may 27 support microscale alterations of adjacent synapses. 28 Main Text: 29 Astrocytes are be indispensable in the development and maintenance of the synapse-a structure 30 described as tripartite due to the critical contribution from peripheral processes of these cells 1 . 31 There is evidence that astrocytes determine synapse number 2,3 , and strength 4,5 , and complementary 32 indications that neurons mediate maturation of astrocytes processes 6 . Yet, our understanding of 33 these interactions is incomplete. 34 The localized synthesis of proteins in neurons is instrumental for synaptic modulation 7 and neurite 35 outgrowth 8, 9 . Because of the distances neurites must extend to reach a target cell, they have the 36 ability to harbor mRNAs and ribosomes proximal to spines and axons 10,11 where local translation 37 occurs in a precise spatial, temporal and activity-dependent manner. Additionally, 38 oligodendrocytes also selectively localize some myelin associated mRNAs in their peripheral 39 processes 12 . 40 Local translation in both neurons and oligodendrocyte processes suggests that other CNS cells may 41 require this adaptation to compartmentalize functions within the cell. Peripheral astrocyte 42 processes (PAPs) reach lengths comparable to that of some neurites and one astrocyte territory can 43 contact up to 100,000 synapses 13 . Further, the dynamic action of PAPs at synapses requires rapid 44 responsiveness to synaptic changes 5,14 . Therefore, we hypothesized that astrocytes also utilize local 45 translation. We reasoned that four conditions must be met to support local translation in astrocytes: 46 1) ribosomes and 2) mRNA must be present in PAPs, 3) translation must occur in PAPs, and 4) be 47 enriched for specific transcripts. Here, we provide biochemical and imaging evidence for these 48 four criteria. 49 Previous work has suggested that ribosome-like structures exist in PAPs by electron 50 microscopy(EM) 15 . We used transgenic mice where ribosomal protein Rpl10a is tagged with 51 EGFP(Aldh1L1-EGFP/Rpl10a) 16 specifically within astrocytes to localize the large subunit of 52 ribosomes in vivo. In cortical astrocytes, we found that EGFP/Rpl10a extends beyond Gfap+ 53 processes and into peripheral processes surrounded by Aqp4, which marks astrocyte membranes 54 and vascular endfeet 17 (Fig.1A,B ). Further, we confirmed peripheral localization of endogenous 55 small ribosomal subunits via immunofluorescence(IF) against Rps16( Fig.S1 ), indicating the 56 tagged Rpl10a is not simply mislocalized in the Aldh1L1-EGFP/Rpl10a mice. 57 We next asked if we could detect tagged ribosomes in PAPs that were perisynaptic, using 58 stochastic optical reconstruction microscopy(STORM) (Fig.1C ). Astrocyte EGFP/Rpl10a was 59 found within 100 nm of synapses, as defined by apposition of pre-and post-synaptic markers 18 . 60 Leveraging a viral method to sparsely GFP-label astrocytes in non-transgenic mice( Fig.1D ), we 61 also confirmed that mRNA localizes to PAPs. Previous colormetric in situ hybridization(ISH) 62 suggested that Slc1a2 mRNA is localized peripherally, 19 and we confirmed this with fluorescent 63 in situ hybridization(FISH)( Fig.1E ). 64 After demonstrating the presence of both ribosomes and mRNA in PAPs, we next tested whether 65 distal translation occurs by using puromycin to label actively-translated peptides in acute brain 66 slices( Fig.2A ). Using IF, we were able to detect nascent translation within PAPs, which was 67 blocked by pretreatment with anisomycin, indicating that labeling requires active 68 translation( Fig.2B ). Given the short duration of incubation, we concluded that puromyclated 69 peptides in PAPs were made locally rather than transported. Quantification of puromyclation in 70 astrocytes, either area or intensity, indicates 60% of translation in an astrocyte occurs > 9 microns 71 from the nucleus (Fig. 2C, S2 ). 72 In neurons, local translation appears to be transcript-specific, often generating proteins with Table S3 ). These data establish that PAP fractions contain a distinct profile of ribosome-84 bound mRNAs( Fig. 3D) . We confirmed the peripheral localization of several of these transcripts 85 with FISH( Fig. 3E ). 86 We then did a pathway analysis to identify possible functional consequences of local 87 translation(Figs. 3F, S3). We found that PAP-localized transcripts had overrepresentation of genes 88 mediating Glutamate and GABA metabolism, consistent with PAP functions of Glutamate 89 transport(Slc1a2, Slc1a3) 19,21 and metabolism(Glul). Interestingly, we also noticed an enrichment 90 for genes and members of gene families known to regulate synapse number(Mertk, Sparc, 91 Thbs4) 22-24 suggesting that synapse formation and elimination may be mediated in part by local 92 translation. Soma transcripts, by contrast, are enriched for transcription regulators and amino acid 93 catabolism( Fig. S4) . 94 Finally, we asked whether PAP-enriched transcripts contain sequence-specific features that may 95 mediate localized translation. We found no differences in individual nucleotide or GC content (Fig.   96 S5). However, PAP-enriched transcripts were significantly higher expressed in astrocytes 97 compared to 'Soma' transcripts( Fig. 3G ). In neurons, locally translated mRNAs, often sequestered 98 by RNA-binding proteins(RBPs) into granules for transport and protection, have significantly 99 longer 3'UTRs 25 . This may enable more sequence motifs or secondary structure for binding RBPs. 100 We found that PAP-enriched transcripts are also significantly longer, specifically in their 101 3'UTRs (Fig. 3H) , and that PAP-enriched 3'UTRs are predicted to have more stable secondary 102 structures (Fig. 3I) . 103 In summary, here we have clearly shown that substantial translation occurs peripherally in 104 astrocytes and provided evidence that local translation is both enriched for particular functional 105 categories and may be modulated by mechanisms involving specific features of the sequence. We 106 . CC-BY-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/071795 doi: bioRxiv preprint first posted online Aug. 29, 2016; have also identified hundreds of candidates for local translation in astrocytes that warrant further 107 targeted investigation, and future refinements to the PAP-TRAP method may further improve 108 sensitivity to detect additional candidates and address alluring leads within the data (Fig.S9 ). 109 Overall, these data lend support to the idea that an astrocyte contacting multiple synapses could 110 use local translation to respond to or modulate the activity of specific synapses. 
